Introduction
The management of hypercalcaemia is ordinarily that of the underlying disorder (Wills, 1971; Henrard, 1971; Watson, 1972) . There are, however, some circumstances when the hypercalcaemia itself must be treated; in severe life-threatening hypercalcaemia and in hypercalcaemia whose cause cannot be rectified. Examples of these include the hypercalcaemia of malignant disease and that of vitamin D poisoning which may persist for some months after the vitamin is withdrawn. In both of these instances treatment of the hypercalcaemia usually leads to a worthwhile improvement in symptoms.
Some authors advise a low calcium diet as part of the management of hypercalcaemia. While the avoidance of excess calcium in the diet is reasonable, it is doubtful whether (apart from in idiopathic hypercalcaemia of infancy) a low calcium diet contributes enough to justify the effort. All but the mildest cases of hypercalcaemia tend to be dehydrated and this should be corrected. In (Goldsmith and Ingbar, 1966; Goldsmith et al., 1968; Thalassinos and Joplin, 1968) , in hyperparathyroidism (Dent, 1962; Goldsmith and Ingbar, 1966; Eisenberg, 1968) , and in vitamin D poisoning (Goldsmith and Ingbar, 1966) .
Intravenous phosphate therapy is used in the management of acute hypercalcaemia, especially in the patient who is vomiting or in coma. The formulation of Goldsmith and Ingbar (1966) calls for a 0-IM solution containing in 1 litre 0-081 mole (11 *50 g) of Na2HPO4 and 0 019 mole (2-59 g) of KH2PO4.
Such a solution should have a pH of7-4 and 1 litre will provide 3 1 g of phosphorus, 162 mEq of sodium and 19 mEq of potassium. In the first instance 500 ml of this should be given slowly over at least 8 hr and the patient should be carefully observed. In particular the serum calcium should be measured during and after the infusion, to check for hypocalcaemia. If these tests are not available, electrocardiographic recordings are helpful. The infusion may be repeated after 24 hr but should not be repeated if there is evidence of a rising blood urea, oliguria or an elevated serum phosphorus more than 24 hr after the infusion (Fulmer et al., 1972 Kistler and Neubauer, 1970) found little evidence of extra-skeletal calcification except in patients with previous severe hypercalcaemia. Furthermore in most patients renal function improves with phosphate therapy so that it seems likely that treatment with phosphate is less damaging to the kidney than the hypercalcaemia itself. One patient with hyperparathyroidism had oral phosphate therapy for 13 years with only a very slow deterioration in renal function (Stamp, 1971) .
Hypocalcaemia is seldom seen with careful oral phosphate therapy but a combination of calcitonin and oral phosphate has caused hypocalcaemia (Parsons et al., 1970) . A rise in the serum phosphorus occurs in some of the patients, particularly those with malignant disease who have a high serum phosphorus before treatment. These are probably the patients in whom caution is indicated to avoid extra-skeletal calcification if treatment has to be prolonged.
Intravenous phosphate therapy has been associated with more serious side effects (Suki et al., 1970) . There are case reports of hypotension, massive extra-skeletal deposition of calcium, acute oliguric renal failure and death. Some of these cases have been patients in whom excessive doses have been used and hypocalcaemia has been caused. In addition some of the patients with side effects were already dangerously ill with the hypercalcaemia or with the neoplastic disease itself. Most workers have used cautious phosphate infusions without difficulty (Stamp, 1971; Fulmer et al., 1972) .
Mode of action
The mode of action of phosphate therapy is not well understood. The excretion of calcium in the urine decreases and it is thought that calcium phosphate salts are deposited in soft tissue and bone (Hebert et al., 1966) . Studies on rats and rabbits have suggested that extensive and damaging soft tissue calcification may occur with oral phosphate therapy (Spaulding and Walser, 1970; Jowsey and Balasubramaniam, 1972) . However after phosphate has been used in patients with hypercalcaemia there is little evidence of soft tissue calcification in those who subsequently came to autopsy (Thalassinos and Joplin, 1968) . Furthermore there is now chemical and kinetic evidence that even in rats the principal site of the calcium deposition is the bone (Feinblatt, Belanger and Rasmussen, 1970; Haddad and Avioli, 1970) .
Sodium sulphate
Intravenous infusions of sodium chloride and sodium sulphate both reduce the serum calcium in patients with hypercalcaemia but sodium sulphate appears to be more effective (Chakmakjian and Bethune, 1966) . Either salt causes increased sodium excretion which itself increases urine calcium output but sodium sulphate therapy is additionally effective because unreabsorbable calcium sulphate complexes are formed in the urine.
Sodium sulphate therapy appears to be remarkably safe. Nausea occurs in a few patients especially if the infusion is rapid. Sodium overload has been described (Heckman and Walsh, 1967 ) and sodium sulphate is clearly contra-indicated in patients with renal failure or poor cardiac reserve. Hypokalaemia is often seen but may be prevented by the addition of a small proportion of potassium sulphate to the intravenous fluid. Hypomagnesaemia is also possible.
Practical details of sodium sulphate therapy are given by Walser (1970) who regarded sulphate as the method of choice for the management of severe hypercalcaemia. I do not share this view because sodium sulphate must be given intravenously, requires very large volumes of fluid and is less effective than phosphate (Fulmer et al., 1972) .
The use of sodium sulphate by mouth has been reported on one occasion. It is effective in reducing the serum calcium but it causes severe diarrhoea (Kowarski et al., 1961) .
Frusemide
Frusemide and ethacrynic acid promote calcium excretion as well as sodium excretion. If large intravenous doses of frusemide are given, and the sodium, potassium and water losses replaced, this becomes a method for lowering the serum calcium although not all patients respond and a normal serum calcium is not achieved in all those who do (Suki et al., 1970; Humbert et al., 1972; Baguet et al., 1972) . This treatment is contraindicated in renal failure and as very large volumes of intravenous fluid are needed careful monitoring of fluid, sodium, potassium and magnesium balances is needed. A bed scale is valuable if available.
There is little place for this form of therapy: it is not uniformly effective; its control requires constant attention which may be impractical in some emergencies; its effectiveness diminishes after a few days (Toft and Roin, 1971 ) so that it is unlikely to be of any value in longer-term management.
Chelating agents
Sodium ethylene diamine tetra-acetate (sodium edetate, sodium EDTA) is a chelating agent with a powerful avidity for calcium and heavy metals.
Given intravenously it binds calcium and the calcium-EDTA complexes are excreted in the urine. Disadvantages of this method are that it must be given intravenously, that each infusion has a transient effect and that its control calls for estimation of the serum calcium fraction not bound to EDTA. The appropriate compleximetric titration methods for calcium estimation are not widely available. In addition there have been reports (Dudley et al., 1955) of renal damage after EDTA therapy and this treatment has fallen into disuse.
Corticosteroids
In several studies steroid therapy has been thought to be of value in the management of hypercalcaemia of all causes other than hyperparathyroidism. A good response to large doses (hydrocortisone 120 mg daily in divided doses) is usually seen with vitamin D poisoning, sarcoidosis and the milk-alkali syndrome. Steroids are of course effective in the rare hypercalcaemia of adrenal insufficiency. In the much more common problem of hypercalcaemia of malignant disease its value is more controversial. Good responses have been seen in perhaps 50 % of these patients, in a better proportion of patients with myeloma or breast carcinoma, but in no more than 20% of patients with pseudohyperparathyroidism (Kessinger, Lemon and Foley, 1972) . In recent series phosphate has been found to be much more consistently effective than steroids in the management of hypercalcaemia of malignancy (Thalassinos and Joplin, 1970; Fulmer et al., 1972) . Short courses of steroid therapy are effective in the very rare hypercalcaemias of immobilization (Lawrence et al., 1973) .
The mode of action of corticosteroids in hypercalcaemia is not well understood. In vitamin D poisoning, steroids reduce the excessive intestinal absorption of calcium (Favus, 1970) . In myeloma and other malignant disorders which do respond to steroids, steroids reduce bone resorption (Lazor and Rosenberg, 1964; Muirhead, 1967) .
The dangers of long-term therapy with steroids are well known. In the short-term, steroids are slow in action and several days are needed for a worthwhile response. For these reasons steroid therapy probably has at best a small role in the present-day management of hypercalcaemia.
Mithramycin
Mithramycin is an antibiotic with cytotoxic activity; like actinomycin D it appears to act by the inhibition of RNA synthesis (Yarbro, Kennedy and Barnum, 1966) . In clinical use in neoplastic disease hypocalcaemia has been noted and more recently the place of mithramycin in the management of hypercalcaemia has been explored. In most patients with severe hypercalcaemia due to malignant disease a single intravenous injection of mithramycin (25 jg/kg) is followed by a gradual fall in serum calcium toward normal values over 48 hr (Slayton et al., 1971; Elias, Reynoso and Mittelman, 1972; Elias and Evans, 1972) . At the same time there is a fall in serum phosphorus levels and in the urinary calcium excretion. Mithramycin has also been effective in reducing the serum calcium in a few patients with hyperparathyroidism (Perlia et al., 1970; Singer et al., 1970) . The hypocalcaemic action of mithramycin probably results from an inhibition of bone resorption perhaps by antagonism to the action of vitamin D.
The larger doses of mithramycin used in antitumour therapy have been associated with nausea and vomiting, with haematological disorders, with liver and renal tubular damage and with skin changes. Much smaller doses are used in the management of hypercalcaemia and so far side-effects from these doses appear to be uncommon. Of sixty-nine patients studied by Slayton etal. (1971) one had liver damage and another bleeding due to thrombocytopaenia.
Calcitonin
Calcitonin has recently become available commercially for the treatment of Paget's disease of bone and also for the management of hypercalcaemia. It is certainly a valuable agent in certain patients with Paget's disease and bone pains, but its place in the management of hypercalcaemia is less certain.
In hyperparathyroidism some patients have had a worthwhile response to calcitonin (West et al., 1971; Hesch et al., 1971 ) but even in these normal values are seldom achieved. Other patients have shown very modest responses to calcitonin (Sorensen et al., 1970; Cochran et al., 1970; Hill, Ouais and Leiser, 1972) . In the hypercalcaemia of vitamin D intoxication a good, though slow, response to calcitonin was found in three patients by Buckle et al. (1972) although saline infusions may also have contributed to the improvement. Of two patients with vitamin D poisoning and hypercalcaemia studied by West et al. (1971) one, a child, appeared to respond while an adult appeared to have gained no advantage from calcitonin. Objective assessment of the value of calcitonin in vitamin D poisoning is difficult as there may be great variations between patients in the rate at which the serum calcium falls after stopping the vitamin D. In the hypercalcaemia of malignant disease a partial or complete response was noted in most of the patients studied by Silva and Becker (1973) . In two patients with thyrotoxic hypercalcaemia calcitonin may have contributed to an improvement in the serum calcium although normal values were not achieved and other therapy was used in addition (Sorensen et al., 1970;  Buckle, Mason and Middleton, 1969 ).
Most workers have used a dose of 4-8 MRC units/ kg/day by intramuscular injection although Silva and Becker gave 8 MRC units/kg every 6 hr. There is as yet no good evidence that the intravenous route has any advantage over intramuscular therapy. Calcitonin is probably inappropriate in the longterm treatment of hypercalcaemia as it must be given parenterally and as resistance to its action, ascribed to antibody development, has been described (Singer et al., 1972) .
Calcitonin appears to have few side effects although nausea and vomiting may occur with higher doses. There is a possibility of a reaction to the foreign material and an intradermal test should be done especially in patients with a history of allergy. Hypocalcaemia has not been described as a result of treatment with calcitonin alone.
Mode of action
In some studies the response to calcitonin seemed to be better related to the bone turnover rate than to the degree of hypercalcaemia and it seems likely that the main action of calcitonin is an inhibition of bone resorption (Haddad and Avioli, 1970) . In addition there may be a small diminution of renal tubular reabsorption of calcium as an increase in calcium excretion is noted in some patients (Buckle et al., 1969; Cochran et al., 1970) .
Oestrogens
Oestrogens inhibit parathormone-induced bone resorption (Atkins et al., 1972) and may have a place in the medical management of some post-menopausal women with mild hyperparathyroidism. Gallagher and Nordin (1972) obtained a modest reduction in the serum calcium (though not into the normal range) in a group of these patients.
In one patient with intractable hypercalcaemia from parathyroid carcinoma, stilboestrol diphosphate was effective in reducing the serum calcium when other measures had failed (Sigurdsson et al., 1973) .
Oestrogens may precipitate or worsen the hypercalcaemia in some patients with carcinoma (Muirhead, 1967) .
Dialysis
There are very few case reports of the use of dialysis in the control of hypercalcaemia and even in these there is no unanimity about its value. Haemodialysis has been used in a hypercalcaemic emergency as a means of buying time (Eisenberg and Gotch, 1968) . Peritoneal dialysis with calcium-free solutions has been effective in a case of vitamin D poisoning (Nolph, Stolz and Maher, 1971 ).
Conclusions
In most cases of hypercalcaemia (especially in malignant disease and after failed parathyroidectomy for hyperparathyroidism), oral phosphate is the treatment of choice. It is effective and appears to be reasonably safe. In patients who are vomiting or unconscious, intravenous phosphate should be used, but the treatment should be changed to phosphate by mouth as soon as it is practical. Renal failure is not a contra-indication to phosphate therapy but the potassium salt may need to be replaced by sodium in the infusion.
In the hypercalcaemias of sarcoidosis and immobilization, steroid therapy is probably the method of choice. In vitamin D poisoning there is no information on the relative merits of steroid therapy and phosphate which are both effective. However, in my view, oral phosphate is probably preferable to longterm steroid therapy. Apart from these three disorders steroid therapy is seldom indicated.
The place of calcitonin is difficult to define. It should be of value in a patient with Paget's disease in whom immobilization cannot be avoided. Apart from this there are no clear indications for it at present. It is expensive and must be given parenterally. Sodium sulphate is of doubtful value because it is less effective than phosphate. Frusemide, too, is not uniformly effective in controlling hypercalcaemia and its use requires very elaborate monitoring. Dialysis has been tried too seldom to allow any opinion of its value; it should never be necessary.
In hypercalcaemia resistant to phosphate therapy mithramycin should be used. If this fails, as in very occasional patients with parathyroid carcinoma, stilboestrol diphosphate is perhaps worth a trial.
